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© A variable-discharge high pressure pump (10) 
for pressure-feeding fuel to a common rail (6) for use 
in a diesel engine (1). The pump has a plunger (18), 
a plunger chamber (19), a cam (17) for reciprocative- 
ly moving the plunger; an opening-out type elec- 
tromagnetic valve (1 5) capable of opening and clos- 
ing one end of the plunger chamber, a fuel reservoir 
(22), a check valve (23) communicating with the 
plunger chamber, and an inlet pipe (14) for sup- 
plying fuel to the fuel reservoir. Both the introduction 
of the fuel into the plunger chamber and the return 
of the fuel from the plunger chamber to the fuel 
reservoir are effected through the electromagnetic 
valve. 



FIG. I 
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BACKGROUND OF THE INVENTION 

This invention relates to a variable-discharge 
high pressure pump (hereinafter sometimes re- 
ferred to as "high pressure pump") for supplying a 
fuel under pressure to a common rail of a diesel 
engine and also relates to a method of controlling 
the pump. 

Conventional variable-discharge high pressure 
pumps have a construction for supplying a fuel to a 
common rail of a diesel engine which construction 
includes: a plunger; a plunger chamber in which 
the plunger is movably accommodated; a cam for 
making the plunger move reciprocatively; an elec- 
tromagnetic valve which is opened out toward the 
interior of the plunger chamber; a reservoir which 
communicates with the plunger chamber through 
the electromagnetic valve; a check valve which 
communicates with the plunger chamber and is 
capable of opening at a predetermined pressure; 
and an inlet pipe through which the fuel is supplied 
at a low pressure to the fuel reservoir. 

One structural feature of this type of conven- 
tional high pressure pump resides in that a part of 
a low pressure fuel supplied through the inlet pipe 
is supplied to the reservoir while another part of the 
low pressure fuel is supplied to the plunger cham- 
ber. That is, a fuel inlet which opens into the 
plunger chamber and an outlet of the plunger 
chamber through which a part of the fuel is re- 
turned to the fuel reservoir are formed separately 
from each other. If in this high pressure pump the 
electromagnetic valve malfunctions by being fixed 
in a closed state, the flow of the fuel ejected 
through the check valve cannot be controlled. In 
such an event, there is a risk of the pressure in the 
common rail abruptly increasing and exceeding a 
limit pressure determined according to the 
strengths of the engine and the fuel injector and to 
the conditions for safety, resulting in damage to the 
members of the fuel injector. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to pro- 
vide a high pressure pump having a specific con- 
struction designed for eliminating the possibility of 
the fuel being supplied to the common rail at an 
excessively high pressure even if the electromag- 
netic valve malfunctions, as well as to provide a 
method of controlling this high pressure pump. 

In a variable-discharge high pressure pump of 
the above-described construction in accordance 
with the present invention, the plunger chamber 
and the inlet pipe communicate with each other 
through the fuel reservoir and the electromagnetic 
valve, and both the introduction of the low pressure 
fuel into the plunger chamber and the return of the 



low pressure fuel from the plunger chamber to the 
fuel reservoir are effected through the electromag- 
netic valve. 

In a control method in accordance with the 
5 present invention, both the introduction of the low 
pressure fuel into the plunger chamber and the 
return of the low pressure fuel from the plunger 
chamber to the fuel reservoir are effected mainly 
through the electromagnetic valve, and the fuel 
10 pressure in the common rail is controlled by ener- 
gization and de-energization of the electromagnetic 
valve. 

In accordance with one embodiment of the 
present invention, the cam of the variable-dis- 

15 charge high pressure pump is a non-constant- 
speed cam having a cam profile such that the cam 
velocity is maximized during the period of time 
corresponding to the first half of the stroke of the 
plunger for pressuring and pressure-feeding the 

20 fuel contained in said plunger chamber. 

In accordance with one embodiment of the 
method of the present invention, the electromag- 
netic valve is energized to be closed if the rate at 
which the pressure in the common rail changes 

25 becomes positive while the electromagnetic valve 
is open in the non-energized state. 

In accordance with another embodiment of the 
method of the present invention, a pulse signal 
asynchronous with the rotation of the diesel engine 

30 and determining an energization time (Ti) and a 
de-energization time (T2) is applied to the elec- 
tromagnetic valve when the diesel engine is start- 
ed. 

In this control method, the energization time T1 
35 and the non-energization time T 2 are determined 
by the following equations: 



T.. = T- + t 
40 1 3 c 



45 



max 



T = 



os.yp f - P k 



0 c 



where T3: a period of time required to increase the 
pressure to a level high enough to maintain the 

50 electromagnetic valve in the closed state by lifting 
the plunger from the bottom dead point during a 
minimum-speed rotation for starting the engine; 

T c : valve closing time delay after the moment 
at which the electromagnetic valve is energized; 

55 Q max : a maximum discharge from the high- 

pressure pump; 

C: a constant determined by factors including 
the viscosity of the fuel; 
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S: the flow passage area; 

P t : supplied fuel pressure; 

P k : pressure in the plunger chamber; and 

T 0 : valve opening time delay after the moment 
at which the electromagnetic valve is de-energized. 5 

According to the variable-discharge high pres- 
sure pump of the present invention and the method 
of controlling this pump, if a valve accident takes 
place in which the valve plug of the electromag- 
netic valve of the high pressure pump is fixed to 10 
the valve seat in a valve closing state, the supply 
of the low pressure fuel to the plunger chamber is 
stopped so that the common rail is supplied with 
no fuel. There is therefore no possibility of the fuel 
pressure in the common rail increasing and no 75 
possibility of damage to the members of the fuel 
injector of the engine. 

In the high pressure pump in accordance with 
the above embodiment of the present invention, the 
non-constant-velocity cam is designed to set a high 20 
cam velocity for the first half of the up-stroke and, 
hence, a high plunger lifting speed, thereby ensur- 
ing that the pressure in the plunger chamber can 
be increased to a level high enough to maintain the 
opening-out type electromagnetic valve in the 25 
closed state in a short time at an initial stage of the 
up-stroke. Even if the electromagnetic valve closing 
control time is reduced for high speed operation, a 
high pressure fuel can be discharged at a suffi- 
ciently large rate in a low speed range in which a 30 
large discharge is required to promptly produce 
and maintain the common rail pressure or, more 
specifically, in a super-low-speed range for starting, 
since the fuel pressure can be increased to a high 
level in a short time. 35 

According to the above-mentioned one em- 
bodiment of the method of the present invention, in 
a case where the return spring of the electromag- 
netic valve is broken, the electromagnetic valve can 
be maintained in the closed state, thereby prevent- aq 
ing any excessive increase in the pressure in the 
common rail. 

According to the other embodiment of the 
method of the present invention, the pressure in 
the common rail can be increased rapidly even 45 
during low speed rotation for starting the engine, 
thereby improving the starting performance. 

These and other objects, arrangements and 
effects of the present invention will become more 
apparent upon reading the following description. 50 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a longitudinal sectional front view of an 
embodiment of the present invention; 
Fig. 2 is a longitudinal sectional view of the 
electromagnetic magnetic valve shown in Fig. 1; 
Fig. 3 is a diagram of essential portions of the 



arrangement shown in Fig. 1; 
Fig. 4 is a diagram of the construction of an 
engine fuel controller including the embodiment 
shown in Fig. 1; 

Fig. 5 is a diagram of the electromagnetic valve 
opening and closing times and the plunger lift 
during ordinary control using reference pulses; 
Fig. 6 is a flow chart of electromagnetic valve 
control relating a case where the return spring of 
the electromagnetic valve is broken; 
Figs. 7 to 9 are diagrams showing a method of 
control for starting the engine; 
Fig. 7 is a diagram showing a driving current 
supplied to the electromagnetic valve, the state 
of operation (opening/closing) of the electromag- 
netic valve corresponding to the driving current, 
the plunger displacement, and changes in the 
pressure in the plunger chamber; 
Fig. 8 is a graph showing the relationship be- 
tween the displacement of the plunger from the 
bottom dead point and the time required for the 
displacement; 

Fig. 9 is a graph showing the relationship be- 
tween the pump discharge Q and the difference 
T T between the time at which the plunger lower 
dead point is reached and the time at which the 
electromagnetic valve is closed; 
Fig. 10 is a longitudinal sectional front view of a 
part of variable-discharge high pressure pump 
which represents another embodiment of the 
present invention; 

Fig. 11 is a graph of the cam velocity and the lift 
with respect to the cam angle; 
Fig. 12 is a diagram of the operation of the 
pump shown in Fig. 11; 

Fig. 13 is a front view of another example of the 
cam; 

Fig. 14 is a graph of the cam velocity of the 
cam shown in Fig. 13 and the lift with respect to 
the cam angle; 

Fig. 15 graphically illustrates the pressure char- 
acteristic of the common rail obtained when the 
fuel injection timing and the fuel pumping timing 
per unit of rotation are offset; 
Fig. 16 graphically illustrates the pressure char- 
acteristic of the common rail obtained when the 
fuel injection timing and the fuel pumping timing 
per unit of rotation are registered; and 
Fig. 17 is a longitudinal sectional front view of a 
conventional high pressure pump. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

55 Referring to Fig. 1, a variable-discharge high 

pressure pump 10 which represents an embodi- 
ment of the present invention is illustrated. The 
high pressure pump 10 has a cam chamber 12 
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formed in a lower end portion of a pump housing 
11, a cylinder 13 fitted in the pump housing 11, an 
inlet pipe 14 which is attached to the housing 11 
and through which a low pressure fuel supplied 
from an unillustrated low pressure pump is intro- 
duced into the cylinder 13, and an electromagnetic 
valve 15 screwed into the cylinder 13. 

A cam shaft 16 which rotates at a speed 1/2 of 
the rotational speed of the diesel engine extends 
through the cam chamber 12. A generally elliptical 
cam 17 is attached to the cam shaft 16. That is, 
while the diesel engine makes two revolutions to 
complete one cycle, the cam shaft 16 is driven to 
make one revolution. 

The cylinder 13 has a slide hole 13a in which a 
plunger 18 is accommodated reciprocatively mov- 
ably. The plunger 18 has a cylindrical shape and 
has no lead or the like. A plunger chamber 19 is 
defined by the plunger 18 and the slide hole 13a of 
the cylinder 13. A communication hole 21 is bored 
in the cylinder 13 so as to communicate with the 
plunger chamber 19. The inlet pipe 14 commu- 
nicates with a fuel reservoir 22 formed between the 
cylinder 13 and the pump housing 11. The low- 
pressure fuel is supplied to the fuel reservoir 22 
from the unillustrated low pressure pump through 
the inlet pipe 14. 

A check valve 23 is attached to the cylinder 13 
and communicates with the plunder chamber 19 
through the communication hole 21. In the check 
valve 23, a valve plug 24 is forced to open the 
valve against a resultant force of the urging force of 
a return spring 25 and the fuel pressure in an 
unillustrated common rai l by the fuel pressurized in 
the plunger chamber 19, thereby enabling the fuel 
to be ejected through an ejection hole 26 which 
communicates with the common rail via an unil- 
lustrated piping. 

A spring seat 27 is connected to the plunger 
18 at the lower end of the same. The spring seat 
27 is pressed against a tappet 29 by a plunger 
spring 28. A cam roller 30 is rotatably attached to 
the tappet 29 and is brought into contact, under 
pressure, with the cam 17 disposed in the cam 
chamber 12 by the urging force of the plunger 
spring 28. The plunger 18 can therefore be moved 
reciprocatively by the cam roller 30 and the spring 
seat 27 which move in the longitudinal direction of 
the cylinder by following the contour 17a of the 
cam 1 7, as the cam shaft 1 6 rotates. The displace- 
ment and the speed of the reciprocative movement 
of the plunger 18 with respect to a certain rotational 
angle of the cam 17 are determined by the contour 
1 7a of the cam 1 7. 

The electromagnetic valve 15 is screwed into 
an lower end portion of the cylinder 13 so as to 
face the plunger 18. As shown in Fig. 2, the elec- 
tromagnetic valve 15 has: a body 32 in which low 



pressure passages 31 are formed so as to open at 
their inner ends into the plunger chamber 19; an 
armature 36 attracted in the direction of the arrow 
A of Fig. 2 against the urging force of a spring 35 

5 (applied in the direction of the arrow B of Fig. 2) by 
the magnetic force of a solenoid 34 energized 
through a lead wire 33; and a mushroom valve plug 
38 which is an opening-out valve capable of open- 
ing and closing the low pressure passages 31 by 

10 being moved integrally with the armature 36 to be 
fitted to or moved apart from a seat 37 formed at a 
plunger chamber 19 opening portion. The pressure 
of the fuel in the plunger chamber 19 is applied as 
a pressing force in the valve closing direction (in 

rs the direction of the arrow A of Fig. 2) to the valve 
plug 38. The electromagnetic valve 15 is a pre- 
stroke-control type of electromagnetic valve which 
serves to set the time at which pressurizing the 
plunger 18 is started by being energized at a 

20 predetermined time so as to fit the valve plug 38 to 
the seat 37. As shown in Fig. 1, the low pressure 
passages 31 communicate at their outer ends with 
the fuel reservoir 22 via a gallery 39 and a passage 
40. 

25 The embodiment of the present invention is 

characterized in that the plunger chamber 19 and 
the inlet pipe 14 communicate with each other 
through the fuel reservoir 22 and the electromag- 
netic valve 15 alone, and both the introduction of 

30 the low pressure fuel into the plunger chamber 19 
and the return of the low-pressure fuel to the fuel 
reservoir 22 are effected through the electromag- 
netic valve 1 5. 

The difference between the present invention 

35 and the conventional art will become more clear 
after examination of the construction of a conven- 
tional high pressure pump shown in Fig. 15. In Fig. 
15, the same reference characters as those in Fig. 
1 designate identical or equivalent portions or 

40 members, and the description for them will not be 
repeated. 

As can be seen in Fig. 15, a conventional high 
pressure pump 10a is provided with feed holes 20 
which communicate with the fuel reservoir 22, and 

45 the low pressure fuel is supplied to the fuel reser- 
voir 22 through the inlet pipe 14 and the feed holes 
20. Also, the low pressure fuel is supplied to the 
plunger chamber 19 through the inlet pipe 14 and 
the feed holes 20. That is, the feed holes 20 

so serving as a fuel inlet of the plunger chamber 19 
and the low pressure passages 31 serving as an 
outlet for the return flow constitute different fuel 
passages. The feed holes 20 are opened or closed 
by the plunger 18, and the low pressure fuel is 

55 supplied to the plunger chamber 19 through the 
feed holes 20 when the feed holes 20 are not 
closed by the plunger 18. The high pressure pump 
thus constructed in accordance with the conven- 
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tional art entails the problem of failure to control 
the pressure of the fuel if a valve accident takes 
place in which the valve plug 38 of the electromag- 
netic valve 15 is fixed in the valve closing state so 
that the pressure of the fuel ejected through the 5 
check valve 23 increases abruptly. 

In accordance with the present invention, the 
feed holes 20 are removed and the low pressure 
passages 31 of the electromagnetic valve 15 also 
serve as a fuel supply passage, so that the fuel io 
introduced into the fuel reservoir 22 is supplied to 
the plunger chamber 19 via the passage 40 formed 
in the cylinder 13, the gallery 39 and the low 
pressure passages 31 formed in the electromag- 
netic valve 15. Part of the fuel returns from the 75 
plunger chamber 19 to the fuel reservoir 22 by 
flowing in a direction opposite to the direction of 
the supply flow to the plunger chamber 19. In the 
thus-constructed pump, the supply of the fuel to 
the common rail is completely stopped if a valve 20 
accident takes place in which the valve plug 38 of 
the electromagnetic valve 15 is fixed in the valve 
closing state. 

Fig. 3 schematically illustrates essential por- 
tions of the high pressure pump 10. 25 

Referring to Fig. 4, the inlet pipe 14 of the high 
pressure pump 10 communicates with a fuel tank 4 
through a low pressure passage 2 and a low pres- ' 
sure supply pump 3, and the ejection hole 26 of 
the check valve 23 communicates with a common 30 
rail 6 through a high pressure fuel passage 5. The 
common rail 6 is connected to injectors 7a to 7f 
corresponding to cylinders 8a to 8f of a diesel 
engine 1. A controller 9 is provided which has a 
CPU 9a, a ROM 9b, a RAM 9c and an input/output 35 
section 9d and which outputs valve opening/closing 
signals to the injectors 7a to 7f while being valve 
supplied with necessary data from the engine 1 
and the common rail 6. 

In this arrangement, during the downward 40 
movement of the plunger 18, the solenoid 34 of the 
electromagnetic valve 15 is not energized and the 
valve plug 38 is maintained in a valve opening 
state by the urging force of the return spring 35. 
The low pressure fuel supplied from the supply 45 
pump 3 therefore flows into the plunger chamber 
19 via the inlet pipe 14, the fuel reservoir 22, the 
return outlet 31 of the electromagnetic valve 15 and 
the valve plug 38. At an initial stage of the upward 
movement of the plunger 18, the valve plug 38 is 50 
still in the opening state, and part of the fuel 
contained in the plunger chamber 19 is returned to 
the fuel reservoir 22 via the valve plug 38, the low 
pressure passages 31 and the gallery 39. If at this : 
time the solenoid 34 is energized, the solenoid has 55 
an attraction force larger than the urging force of 
the return spring 35, thereby setting the valve plug 
38 in a valve closing state. The fuel pressure in the 



plunger chamber 19 thereby increases. When this 
fuel pressure exceeds the sum of the urging force 
of the return spring 25 of the check valve 23 and 
the fuel pressure in the common rail 6, the check 
valve 23 opens to allow the fuel to be supplied 
under pressure to the common rail 6 through the 
high pressure passage 5. After this pressure feed 
has been completed, the energization of the sole- 
noid 34 of the electromagnetic valve 15 is stopped, 
thereby setting the valve plug 38 in the valve 
opening state. The control of the high pressure 
pump 10 effected by energizing or de-energizing 
the solenoid 34 in synchronization with the rotation 
of the diesel engine 1 on the basis of a signal from 
a sensor 100 for detecting the angular position of 
the cam 17 is hereinafter called as "ordinary con- 
trol". During the ordinary control, the 
energization/non-energization times may be select- 
ed to change the pressure feed stroke of the plung- 
er 18 and, hence, the fuel pressure in the common 
rail. 

Fig. 5 shows an example of the lift H of the 
plunger 18 of the high pressure pump 10 with time 
during the ordinary control. An electromagnetic 
valve control signal represents a valve closing in- 
struction a control time T F i after the output of a 
reference pulse. At this time, the plunger 18 has 
already been lifted to a predetermined extent. 
When the electromagnetic valve 15 is closed, the 
pressure feed of the fuel from the high pressure 
pump is started, thereby supplying the mount of 
fuel corresponding to a stroke defined between this 
lift and the full lift H max (Hi shown in Fig. 5) to the 
common rail 6 under pressure. 

If the signal for closing the electromagnetic 
valve 15 is issued a control time after the 
reference pulse, the lift of the plunger 18 deter- 
mined at this time is large, and the pressure feed 
stroke is correspondingly small as defined by hfe. 
Thus, the pressure feed amount is reduced if the 
control time is increased, or the pressure feed 
amount is increased if the control time is reduced. 
It is therefore possible to control the pressure feed 
amount by selecting the time at which the elec- 
tromagnetic valve 15 closing signal is issued. 

Even if during the operation of the high pres- 
sure pump 1 0 the electromagnetic valve 1 5 is fixed 
in the closed state, and if the plunger 18 is moved 
downward in this state, the fuel supplied to the 
electromagnetic valve 15 from the supply pump 3 
does not flow into the plunger chamber 19. Accord- 
ingly, when the plunger 18 is moved upward, the 
fuel is not Supplied to the common rail under 
pressure, and there is no possibility of the injector 
7 being damaged. 

In a case where the return spring 35 loses the 
force of urging the valve plug 38 by, for example, 
being broken, the valve plug 38 is moved to open 
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the valve by the effect of the difference between 
the pressures in the gallery 39 and the plunger 
chamber 19 as the plunger 18 Is moved downward, 
thereby allowing the fuel supplied to the elec- 
tromagnetic valve 15 from the supply pump 3 to 
flow into the plunger chamber 19. As the plunger is 
thereafter lifted, the pressure in the plunger cham- 
ber 19 becomes higher than the pressure in the 
gallery 39. At this time, the valve plug 38 is moved 
to close the valve since the return spring 35 has no 
urging force, and the fuel inside the plunger cham- 
ber 19 is pressurized and is supplied to the com- 
mon rail 5 through the check valve 23 under pres- 
sure. That is, the fuel is supplied to the common 
rail 6 under pressure even if the solenoid 34 of the 
electromagnetic valve 15 is energized. The pres- 
sure in the common rail 6 is thereby abruptly 
increased, there is therefore a risk of damage to 
the members of the fuel injector. 

Fig. 6 shows a flow chart of a method of 
preventing this risk. In the process of Fig. 6 involv- 
ing the ordinary control, if the rate at which the 
pressure in the common rail changes becomes 
positive during the non-energized state of the sole- 
noid 34, it is determined that an abnormality of the 
electromagnetic valve 15 takes place, and the sole- 
noid 34 is continuously maintained in the energized 
state. The signal indicating that the pressure 
change rate is positive can be obtained by the 
calculation of a signal from a pressure sensor 6a 
provided in the common rail 6, which calculation is 
performed by the controller 9. The controller 9 
outputs the valve closing signal to the electromag- 
netic valve 15. In this control process, the elec- 
tromagnetic valve 15 is maintained in the closed 
state, thereby preventing the fuel from flowing into 
the plunger chamber 19 of the high-pressure pump 
10 and, hence, from being supplied to the common 
rail under pressure. 

Figs. 7 to 9 are diagrams of a method of 
abruptly increasing the pressure in the common rail 
6 when the engine is started by using the high 
pressure pump in accordance with this embodi- 
ment. 

At the time of starting, the engine rotates at a 
low speed, and, if the electromagnetic valve 15 is 
controlled in the ordinary control manner, it takes a 
long time to increase the pressure in the common 
rail 6 due to lack of voltage for the CPU 9a or lack 
of output from the cam 17 angle sensor 100. To 
avoid this problem, as shown in Fig. 7, pulse sig- 
nals asynchronous with the revolutions of the high 
pressure pump 10 and having an energization time 
Ti and a non-energization time T2 are applied to 
the electromagnetic valve 15. The valve plug 38 is 
moved to close the valve a valve closing delay 
time T c after the start of energization and is moved 
to open the valve a valve opening delay time To 



after the start of non-energization The plunger 18 is 
moved upward during the time when the valve plug 
38 is in the valve closing state, thereby increasing 
the pressure in the plunger chamber 19. 

5 The valve plug 38 is of the opening-out type, 

and is maintained in the valve closing state even 
when the solenoid 34 is not energized, once the 
pressure Pr in the plunger chamber 29 becomes 
higher than the valve closing maintenance pressure 

70 Pi of the valve plug 38. The valve closing main- 
tenance pressure Pi is expressed by the following 
equation using the load F s of the return spring 35, 
the diameter D s of the seat of the valve plug 38, 
the supplied fuel pressure P f - and tt: 

75 

F 

p i = *— + p f 

20 tt*D s /4 

During the valve closing maintenance state of the 
valve plug 38, the pressure in the plunger chamber 

25 19 is increased as the plunger 18 is moved up- 
ward, thereby supplying the fuel to the common 
rail 6 through the check valve 23 under pressure. 

After plunger 18 has been moved downward so 
that the pressure in the plunger chamber 19 be- 

30 comes lower than the valve closing maintenance 
pressure Pi of the valve plug 38, the valve plug is 
moved so as to repeat the valve opening/closing 
operations by the pulse current flowing through the 
solenoid 34. Thus, during the valve opening state 

35 of the valve plug 38, the fuel flows into the plunger 
chamber 19 via the valve plug 38. 

The setting of the energization time T1 and the 
non-energization time T2 in accordance with this 
pulse control will be explained below. 

40 The energization time T1 is obtained which is 

required to produce, during the minimum speed 
rotation for starting the engine, the pressure in the 
plunger chamber 19 to maintain the valve plug 38 
in the valve closing state, after the plunger 18 of 

45 the high pressure pump 10 has started moving 
upward from the bottom dead point. The average 
lifting displacement AH of the plunger 18 for pro- 
ducing the valve closing maintenance pressure Pi 
can be obtained by the following equation using 

50 the supplied fuel pressure P r the fuel capacity V, 
the bulk modulus E of the fuel, the diameter D k of 
the plunger, and n\ 
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(P 1 - P f ) -V 
AH = _ 

E-7T-D k 2 /4 

As shown in Fig. 3, a limit of the fuel capacity 
V is defined at the seat of the check valve 23 
provided that the check valve 23 opening pressure 
is larger than the valve closing maintenance pres- 
sure Pi of the valve plug 38. 

The time AT required to displace the plunger 
18 by AH is maximized at the plunger bottom dead 
point, as shown in Fig. 8. Let the time AT required 
to displace the plunger 18 by AH from the bottom 
dead point during the minimum rotation for starting 
the engine be T 3l and the valve closing time delay 
for the operation of the valve plug 38 be T c . Then, 
the energization time Ti is expressed by the fol- 
lowing equation: 

Ti = T 3 + T c 

In accordance with fuel drawing conditions, the 
non-energization time T2 is set to enable the maxi- 
mum fuel discharge Q m ax to be drawn during one 
valve opening period, as expressed by the follow- 
ing equation: 

^max 



c-s-VPf - P k 

where C represents a constant determined by 
physical properties including the viscosity of the 
fuel, and S represents the flow passage area. 

In Fig. 9, the solid line indicates the pump 
discharge Q mm 3 /st with respect to the difference 
T T between the time at which the plunger 18 is 
positioned at the bottom dead point and the time at 
which the electromagnetic valve 15 is closed. If in 
this case the pulse control period (Ti + T 2 ) is 
doubled, the pump discharge changes as indicated 
by the broken line, that is, the change in the 
discharge Q becomes larger and the average dis- 
charge becomes reduced. Accordingly, it is possi- 
ble to reduce the change in the discharge Q while 
increasing the average discharge by reducing the 
period (Ti + T 2 ), thereby enabling the pressure in 
the common rail 6 to be increased faster. The 
energization time Ti and the non-energization time 
T2 for pulse control are determined on the basis of 
this examination. 

Referring then to Fig. 10, a high pressure 
pump 10c which represents another embodiment of 



the present invention is illustrated in section. In this 
embodiment, a cam 17b has a generally elliptical 
cam profile defined by concave circular-arc cam 
surfaces 17c and other curved cam surfaces 17d. 

5 Assuming that the point in the cam profile cor- 
responding to the bottom dead point of the plunger 
18 defines a cam angle of 0', the curved surface 
17c is formed between cam angles of 0* and 
about 30° with a curvature of Ri the center of 

70 which is outside the cam 17b. The center of cur- 
vature of the surfaces 17d is inside the cam 17b. 
The plunger 18 reaches the to dead point at a cam 
angle of 90° . Because a portion of the cam profile 
corresponding to an initial stage of the up stroke is 

75 defined by the concave circular-arc surface 17c, 
the speed of upward movement of the plunger 18 
is accelerated by the cam surface at this stage. 
Fig. 1 1 shows a graph of the cam velocity and the 
lift with respect to the angle of the cam 17b. As the 

20 cam angle is increased, a peak of the cam velocity 
is exhibited when the cam angle and the lift are 
small. As the cam angle is further increased until 
the to dead point is reached, the cam velocity 
decreases. The rate at which the lift is increased is 

25 larger at a stage where the cam angle is small, i.e., 
during the period of time corresponding to the first 
half of the up stroke where the lift is small. The lift 
increasing rate is smaller during the period of time 
corresponding to the second half of the up stroke 

30 where the lift is large and the cam velocity is 
decreasing. The cam 17b effects up-down strokes 
two times during one revolution of the cam shaft 16 
and exhibits a non-constant-velocity cam curve 
such that the lifting speed is gradually increased 

35 during the first half of lifting and is reduced during 
the second half of lifting. 

Next, the operation of the variable-discharge 
high pressure pump in accordance with this em- 
bodiment will be explained below with respect to 

40 time with reference to Fig. 12. An electromagnetic 
valve control signal represents an instruction for 
valve closing for a time T D a control time T L1 after 
the output of a reference pulse from the cam angle 
sensor 100. At this time point a, the plunger 18 has 

45 been moved upward to a lift Pi. The electromag- 
netic valve 15 is opened at the time point A to start 
supplying the fuel under pressure. The amount of 
fuel corresponding to a part Si of the stroke de- 
fined between this time point and a time point C at 

50 which the plunger 18 reaches the highest point P 3 
is thereby discharged into the common rail. In a 
case where the electromagnetic valve control signal 
represents a valve closing instruction a control time 
T L2 after the reference pulse (as indicated by the 

55 broken line), i.e., at a time point B, the lift of the 
plunger 18 at this time point is P2 and pressure 
feed of the fuel is only effected with a part S2 of 
the stroke between a height P2 and a height P3. 
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That is, the amount of fuel supplied to the common 
rail under pressure is reduced if the control time T L 
after the reference pulse is increased, or is in- 
creased if the control time T L is reduced. It is 
therefore possible to control the discharge by se- 
lecting the control time T L . 

Next, the relationship between the cam ve- 
locity, the control time and the plunger lift will be 
examined below. 

Since in this embodiment the cam velocity is 
set to be higher for the first half of the up stroke of 
the plunger, the cam velocity changes with respect 
to time as indicated by the solid line in Fig. 12. 
That is, in a case where the control time T L1 is 
short and the discharge is large, the cam velocity 
at the time point A at which pressure feed is 
started (when the valve is closed) is Vi and in- 
creases as the pressure feed proceeds. The cam 
velocity exhibits a peak during the period of time 
corresponding to the first half of the up stroke of 
the plunger, and thereafter decreases gradually. 

Then, the pressure feed state in the case 
where the cam velocity is set so as to be higher 
during the period of time corresponding to the 
second half of the plunger up stroke will be exam- 
ined below for comparison with the pressure feed 
in the case of the variable-discharge high pressure 
pump in accordance with this embodiment. If the 
peak of the cam velocity is set for the second half, 
the change in the cam velocity with time is as 
indicated by the double-dot-dash line in Fig. 12; 
the cam velocity at the control start time point A is 
Vx. As can be understood from the graph, the cam 
velocity Vx is lower than the cam velocity Vi at the 
control start time point A in the case of this em- 
bodiment. 

The control signal represents the electromag- 
netic valve closing instruction after the control time 
T U i from the reference pulse, and allows valve 
Opening after a period of time T D . 

Even when valve opening is allowed by the 
signal and when the electromagnetic valve is in the 
non-energized state, the electromagnetic valve is 
maintained in the closed state by the pressure in 
the plunger chamber if this pressure is high, since 
the electromagnetic valve of the variable-discharge 
high pressure pump in accordance with the present 
invention is of the opening-out type. The pressure 
feed is therefore continued until the plunger to 
dead point is reached. However, during low-speed 
operation or, more specifically, during the operation 
in a super-low-speed range for starting the engine 
in which a large discharge is required to promptly 
produce and maintain the common rail pressure, 
the plunger lifting speed is, in fact, lower even if 
the same cam profile is used, resulting in a reduc- 
tion in the pressure increase rate. On the other 
hand, the valve closing setting time T D is mini- 



mized because it is desirable to reduce the valve 
closing time T D . i.e., to establish the valve opening 
allowance state faster in order to enable the 
variable-discharge high pressure pump to be used 

5 for operation of a higher speed. In such as case 
where the cam velocity is low while the valve 
closing time T D is short, the fuel pressure in the 
plunger chamber does not increases to a level 
sufficient for maintaining the closed state of the 

10 electromagnetic valve, and the valve is opened 
before the pressure feed to be continued until the 
to dead point is reached is completed, thereby 
allowing the fuel to return to the fuel chamber. As a 
result, the discharge becomes naught although the 

75 signal designates the large discharge. 

However, in the case of the variable-discharge 
high pressure pump in accordance with this em- 
bodiment, the cam velocity is peaked for the first 
half of the plunger up stroke and, specifically, a 

20 certain acceleration is reached immediately after 
the control start point. The upward movement of 
the plunger is thereby accelerated so that the 
plunger moves at a high speed. At the initial stage 
of plunger lifting, therefore, the pressure in the 

25 plunger chamber can be increased in a short time 
to a level high enough to maintain the opening-Out 
type electromagnetic valve in the closed state. 
Thus, even if the valve closing setting time T D is 
set to be shorter in order to enable the variable- 

30 discharge high pressure pump to operate suitably 
even at a high speed, it is possible to set, in the 
short valve closing setting time T D , the pressure in 
the plunger chamber to a level high enough to 
maintain the closed state of the valve. It is thereby 

35 possible to continue the pressure feed until the 
plunger to dead point is reached and, hence, to 
ensure a large discharge during super-low-speed 
operation even though the valve opening allowance 
state is established after a short time. 

40 In a case where a large discharge is not re- 

quired, that is, an instruction to close the elec- 
tromagnetic valve is issued with a control time Tu> 
delay, the cam velocity exhibited at the time point 
B as indicated by the solid line in Fig. 12 in the 

45 case of the cam for setting the peak for the first 
half of the up stroke is lower than that exhibited as 
indicated by the double-dot-dash line in Fig. 12 in 
the case of the cam for setting the peak of the cam 
velocity for the second half. In the case of the 

so former type of cam, however, the pressure in the 
plunger chamber can be boosted more easily by 
the effect of the approaching period (T L 2> for open- 
ing the electromagnetic valve as well as the effect 
of reduction in the dead volume, and the internal 

55 pressure for maintaining the electromagnetic valve 
in the closed state can be obtained, thereby pre- 
venting the valve from opening again. 

Thus, the variable high pressure pump in ac- 
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cordance with this embodiment is capable of en- 
suring a large discharge required during the super- 
low-speed operation for, for example, starting the 
engine while satisfying requirements for high speed 
operation, thereby enabling the optimum common 
rail pressure to be produced stably irrespective of 
the operating conditions. 

In accordance with a still another embodiment 
of the present invention, a non-constant-velocity 
cam for creating strokes during one revolution of 
the cam shaft is used in place of the non-constant- 
velocity cam for creating two strokes during one 
revolution of the cam shaft in the variable-dis- 
charge high pressure pump in accordance with the 
above-described embodiment. 

A cam in accordance with this embodiment will 
be described below with reference to Figs. 13 and 
14. 

Fig. 13 is a front view of a cam 132 whose 
profile is as described below. It is assumed that the 
point in the cam profile corresponding to the bot- 
tom dead point of the plunger 18 defines a cam 
angle of 0°. The corresponding cam surface is 
formed as a concave surface 133, and a crest 134 
in the cam profile corresponding to the top dead 
point of the plunger 18 is formed at a cam angle a 
of 60°. The concave cam surface 133 has a 
circular-arc contour having a curvature R2 the cen- 
ter of which is outside the cam 132, and is defined 
between cam angles of 0 and 20°. Another con- 
cave surface 133 is formed through an angle & 
between cam angles of about 100 and 120*. The 
rest of the cam surface in the range of these 
angles is formed as a curved surface 135 having a 
curvature the center of which is inside the cam 
132. That is, the concave circular-arc surfaces 133 
correspond to the first half of the up stroke and the 
second half of the down stroke, and the cam ve- 
locity is increased during the periods correspond- 
ing to these halves of the strokes. The cam 132 
has other cam surfaces formed in the same man- 
ner; the crests 134 and the concave surfaces 133 
are formed in three places so that the cam 132 
exhibits three identical profile portions during one 
revolution of the cam shaft 16. 

Fig. 1 4 is a graph showing the cam velocity of 
the cam 132 and changes in the lift with respect to 
the cam angle. 

The cam velocity is peaked at about a cam 
angle of 20" for the first half of the up stroke. 
During the period of time corresponding to the first 
half of the up stroke, the lift is small but the lift 
increasing rate is large. During the period of time 
corresponding to the second half of the up stroke 
where the cam velocity decreases under the peak, 
the lift is large but the lift increasing rate is small. 

That is, the cam 132 ensures that the fuel 
pressure can be increased to a high pressure by 



the first half of the up stroke. A variable-discharge 
high pressure pump in which the cam 132 is used 
has the same performance and effects as the 
above-described embodiments while the rotational 

5 speed of the cam shaft 1 6 is lower. 

When an 8-cylinder Diesel engine is equipped 
with three high pressure pumps each operative to 
discharge fuel three times per rotation of a cam 
shaft, as shown in Fig. 13, i.e., per unit of rotation 

10 according to a cycle of the engine, the injector 
associated with each of the engine cylinders per- 
forms one injection, i.e., a total of eight injections 
by eight injectors, per unit of the engine rotation 
while the fuel is discharged and pumped into the 

15 common rail three times by each pump, i.e., a total 
of nine times by the three pumps, as will be seen 
from the curves named "Pumping Pressure" in Fig. 
15. 

Accordingly, because the cycle of the fuel in- 

20 jecting operations of the injectors is not registered 
with the cycle of the fuel discharges by the high 
pressure pumps, the pressure in the common rail 
is varied in the manner shown by the waves named 
"Imaginary Common Rail Pressure" in Fig. 15. 

25 Hummerings take place when the fuel injectors are 
closed, as shown by the waves named 
"Hummering Components" in Fig. 15. The hum- 
merings are combined with the variation in the 
common rail pressure caused due to the fuel injec- 

30 tions by the injectors and the fuel discharges and 
pumpings by the pump, so that the actual common 
rail pressure is varied in the matter shown by the 
waves named "Actual Common Rail Pressure" in 
Fig. 15. The variation of the actual common rail 

35 pressure shown in Fig. 15 is greatly smaller than 
the common rail pressure variation obtained when 
the timings of fuel injections by injectors are in 
registry with the timings of fuel discharges by the 
high pressure pumps, as shown in Fig. 16. 

40 In the example discussed above, the fuel is 

injected through injectors into the engine eight 
times per unit of rotation while the fuel is dis- 
charged and fed into the common rail nine times 
per unit of rotation. In general, however, the 

45 variable-discharge high pressure pump may dis- 
charge the fuel into the common rail n times per 
unit of rerotation, the number n being equal to the 
number of injections by the injectors multiplied or 
divided by a non-integral number. 

50 A variable-discharge high pressure pump (10) 

for pressure-feeding fuel to a common rail (6) for 
use in a diesel engine (1). The pump has a plunger 
(18), a plunger chamber (19), a cam (17) for re- 
ciprocatively moving the plunger; an opening-out 

55 type electromagnetic valve (15) capable of opening 
and closing one end of the plunger chamber, a fuel 
reservoir (22), a check valve (23) communicating 
with the plunger chamber, and an inlet pipe (14) for 
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supplying fuel to the fuel reservoir. Both the in- 
troduction of the fuel into the plunger chamber and 
the return of the fuel from the plunger chamber to 
the fuel reservoir are effected through the elec- 
tromagnetic valve. 

Claims 

1. A variable-discharge hich pressure pump (10) 
for a diesel engine (1), said pump comprising: 

a plunger (18); 

a plunger chamber (19) in which said 
plunger (18) is movably accommodated; 

a cam (17) for reciprocatively moving said 
plunger; 

an electromagnetic valve (15) capable of 
opening out to the interior of said plunger 
chamber (19); 

a fuel reservoir (22) communicating with 
said plunger chamber (19) through said elec- 
tromagnetic valve (15); 

a check valve (23) communicating with 
said plunger chamber (19) and capable of 
opening at a predetermined pressure; and 

an inlet pipe (14) for supplying a low pres- 
sure fuel to said fuel reservoir (22); 

wherein said plunger chamber (19) and 
said inlet pipe communicate with each other 
through said fuel reservoir (22) and said elec- 
tromagnetic valve (15), and both the introduc- 
tion of the low pressure fuel into said plunger 
chamber (19) and the return of the low pres- 
sure fuel from said plunger chamber (19) to 
said fuel reservoir (22) are effected through 
said electromagnetic valve (15), 
characterized in that 

said cam (17b) includes a non-constant-speed 
cam having a cam profile (17c, 17d) such that 
the cam velocity of said cam (17b) is maxi- 
mized during the period of time corresponding 
to the stroke of said plunger (18) for pressuring 
and pressure-feeding the fuel contained in said 
plunger chamber (19). 

2. A variable-discharge high pressure pump ac- 
cording to claim 1, wherein the cam profile 
(17c, 17d) of said cam (17b) includes a con- 
cave circular-arc surface (17c) formed in the 
vicinity of a point at which the pressurization 
and pressure-feed stroke of said plunger (18) 
is started, said concave circular-arc surface 
having a curvature (Ri), the center of which is 
on the outside of said cam (17b). 

3. A method for controlling a variable-discharge 
high pressure pump (10) for pressurizing and 
pressure-feeding fuel to a common rail (6) of a 
diesel engine (1), the pump having 



a plunger (18); 

a plunger chamber (19) in which the 
plunger (18) is movably accommodated; 

a cam (17) for reciprocatively moving the 
5 plunger (18); 

an electromagnetic valve (15) capable of 
opening out to the interior of said plunger 
chamber (19); 

a fuel reservoir (22) communicating with 
io said plunger chamber (19) through said elec- 

tromagnetic valve (15); 

a check valve (23) communicating with 
said plunger chamber (19) and capable of 
opening at a predetermined pressure; and 
15 an inlet pipe (14) for supplying a low pres- 

sure fuel to said fuel reservoir (22); 
whereby 

the introduction of the low pressure fuel 
into the plunger chamber (19) and the return of 
20 the low pressure fuel from the plunger cham- 

ber (19) to the fuel reservoir (22) are mainly 
effected by the electromagnetic valve (1 5); and 
the fuel pressure in the common rail (6) is 
controlled by energizing and deenergizing the 
25 electromagnetic valve (1 5), 

characterized in that 

the velocity of the plunger (18) is maximized 
during the period of time corresponding to the 
stroke of the plunger (18) for pressuring and 
30 pressure-feeding the fuel contained in the 

plunger chamber (19). 

4. A method according to claim 3, wherein the 
fuel fed into said common rail (6) is injected 

35 into the engine through a fuel injector (7) asso- 

ciated with each of engine cylinders and 
wherein the variable-discharge high pressure 
pump discharges the fuel into said common 
rail n times per unit of rotation, said n being 

40 equal to the number of injections (7) by the 

injectors multiplied or divided by a non-integral 
number. 
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